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A. SPECIES X DEEP CULTIVATION RESPONSES - 83WH28 
Preliminary work had established that lupin responses to deep ripping were 
variable and more often in the negative direction. In contrast, wheat gave 
consistently higher yields after ripping on light land. This trial was aimed 
at examining root growth and water use of wheat cv. Gameuya and lupin cv. 
Yandee under ripped and unripped conditions, with a view to establishing 
reasons for their apparently differential yield behaviour. 
The trial was located at the Wongan Hills Research Station on deep wongan 
loamy sand. Cultural operations were as follows:-
Date 
May 
3 June 
7 June 
B June 
13 June 
13 June 
23 June 
6 July 
11 July 
Operation 
Stubble (wheat) burned after summer grazing. 
Respective plots ripped/scarified. 
Gestop R (500 g/L simazine) applied at 2.0 L/ha rate to lupin 
plots. 
Sprayseed R applied at 2.0 L/ha rate over the whole trial area. 
Superphosphate - CuZnMo No. 1 topdressed at 200 kg/ha rate over 
whole trial area. 
Trial sown. 
SS HOB60 (Trianadone) sprayed at LO kg/ha rate onto the wheat 
plots. 
Ammonium intake (Agran 34.0) topdressed at 150 kg/ha rate onto 
wheat plots. 
Revral - 500 g/ha sprayed onto lupin plots to control brown spot 
- Pleichaeta setosa 
Soil Physical Measurements 
Penetrometer data obtained within three weeks of planting described a traffic 
pan throughout the experiment site with peak strength at 20 cm depth from the 
surface (Figure 1). Ripping to 35 cm removed all remnants of the pan. Bulk 
density (Figure 1) and to a lesser extent air permeability data (not 
presented) similarly demonstrated the presence of the pan. Detailed 
measurements were made to look at change in soil strength and air permeability 
with wetting and drying of the soil profile, with special emphasis on pan and 
adjacent depths. Data have yet to be processed. 
-2-
Root Growth Observations 
Root sampling was carried out throughout the growing season to establish 
patterns of root penetration to depth and root distribution down the profile. 
Lupin root data were confounded by a high incidence of disease - brown spot, 
stem and root rot. Early season and late season data appear reliable, but 
mid-season data, when plant selection for root measurement was confounded by 
disease effects on root growth were extremely variable. 
Much of the samples have yet to be processed. Trends observed included:-
1. As with data obtained in 1982, the lag phase in root penetration to 
depth with wheat was not present following disruption of the pan with 
deep ripping. Early root penetration to depth was faster and final 
depths of root penetration greater with wheat after deep ripping than 
conventional cultivation. 
2. There was a suggestion in the data that root penetration of wheat was 
faster through the pan area following the wetter conditions experienced 
after emergence in 1983 than 1982. When completed, the data describing 
soil strength-water content relationships should contribute to 
interpreting this observation. 
3. With lupins, there was little difference in early rates of root 
penetration with the ripped and unripped treatments. Lupins were only 
slightly affected by the presence of the pan - rates of toot penetration 
and depths attained during early growth were similar to those obtained 
with wheat after deep ripping. Final depths of root penetration were 
only marginally less with the unripped than ripped lupin treatments. 
Soil Water Data 
Soil water data were obtained at fortnightly intervals throughout the growing 
season to four m of soil depth. Total and daily rates of water use are listed 
in Table 1 for four measurement intervals. 
1. From 2 to 8 weeks from planting, data showed no species differences in 
water use but suggest less water use with the ripped than not ripped 
conditions. Previous planting system data (77WH17 - 1979 to 1981) 
demonstrated a similar result ~ less water loss during early growth with 
conventional cultivation than triple disc drill direct drilling. This 
was explained in terms of lower evaporative loss consequent to faster 
rainfall infiltration and lesser water storage near the surface. This 
would appear to be the case with the current set of data as well. 
2. Between weeks 8 and 12, water use was greater with wheat than lupins and 
greatest with ripped wheat in particular. Ripped lupin water use was 
slightly greater than not ripped lupin water use (n.s.). 
3. This ripping x species interaction continued over the period week 12 to 
week 16. 
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4. Between week 16 and 20, water use continued to be greater with the 
ripped than not ripped wheat in particular. Differences between the 
lupin treatments were small. Notably, lupin water use over this period 
was greater than that of wheat, reflecting lower water use early on and 
deeper root penetration. 
s. Total water use (15-140 days) 
than not ripped wheat (34 mm) 
than not ripped lupin (5 mm). 
ripped wheat. 
was significantly greater with the ripped 
and only slightly greater with the ripped 
Not ripped lupin used 28 mm more than not 
Figure 2 presents data describing water depletion down the profile over two 
sampling intervals (days 112 to 128 and days 128 to 140 after planting. The 
data identify depths of maximum water extraction over each sampling interval 
(Arrows - Figure 2) • 
1. Over both sampling intervals, depths of maximum water extraction were 30 
to 40 cm deeper in the profile with ripped than unripped wheat. This 
difference was only of the order of 10 cm w .. ith lupins. 
2. Between day 128 and 140, depths of maximum water extraction with the not 
ripped treatments were of the order of 170 and 240 cm with wheat and 
lupins respectively - 70 cm deeper with lupins. 
3. Although the 112 to 128 day interval data showed only a 10 cm difference 
at best between ripped wheat and not ripped lupins, this difference 
extended to 30.cm at the later sampling interval. 
4. Previous data (1980) established that maximum depths of rooting were of 
the order of 40 cm (at least) deeper in the profile than depths of 
maximum water extraction. On this basis, maximum depths of rooting at 
this site would be of the order of 210 and 280 cm with wheat and lupins 
respectively. 
Yields and Yield Components 
Notwithstanding significantly greater water use with the ripped than not 
ripped wheat, yields were little different (Table 2) • These were near the 
three tonne level - suggesting that the advantage of access to more soil water 
from deeper rooting was not as critical in the wetter 1983 than 1982 growing 
season. Contrastingly, I believe R. Jarvis has data for 1983 from another 
site at Wongan Hills which shows significantly higher yields after deep 
ripping. 
B SPECIES DIFFERENCES - 83WH29 
Details of this trial are presented in a joint report by M. Perry, A. Hamblin, 
D Miers, R. Nulsen and D. Tennant entitled "Water use of wheatbelt crop and 
pasture species". My contribution tto this collaborative effort was detailed 
measurement of water use of the crop and pasture species investigated, using a 
neutron moisture meter. The crop and pasture species/cultivars studied were: 
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1. Wheat cv. Gameuya 
2. Lupin cv. Yandee 
cv. Eregulla 
3. Barley cv. Stirling 
4. Pea cv. Dun dale 
5. Sub clover cv. Northam 
6. Sewadella cv. Pitman 
Data were obtained from a main trial which also included a "bare patch" 
control treatment, and a subsidiary trial aimed at identifying depths of root 
activity of wheat, barley, lupin cv. Yandee and peas. 
At this early stage much of the root and water profile data have as yet to be 
processed/analysed. Hence only a bare summary of rrends is presented here. 
By the end of the 1984/85 summer, the 83WH29 trial site will have been 
m:>nitored for soil water to 4 m depths for 3 successive growing seasons 
(fortnightly intervals) and three successive summers (monthly intervals). 
Apart from crop water use data (wheat in 1982, 1983 and 1984) 1 Barley, lupins, 
peas, sub clover, medic and serradella in 1983) data will become available on: 
1. Drainage out of the profile during the growing season depending 
on levels of applied N and species. 
2. Drainage out of the profile over summer as a function of levels 
of crop/specie water use. 
3. Recharge patterns with summer and early season rains. 
As an example, by December 1983 there was 30 to 33 mm more water in the 
profile under wheat and lupins than at May 1983. If we assume that the May 
1983 profile water contents are indicative of the levels to which current 
water contents will revert to after the 1983/84 summer - we have an indication 
of the probable drainage over this period. With peas, the shallowest root 
specie tested this year, water profiles to 4 m depths had as much as 90 mm 
more water in December than May 1983. 
These trends are illustrated in Figure 3. 
1. Note poor early water use by lupins cv. Yandee due to disease problems. 
Rates increased subsequently to give equivalent total water use with 
wheat. 
2. Because of high early leaf area production, peas used water rapidly 
early on, but because of shallow root penetration, ran out of water 
sooner. 
3. The "bare patch" treatment shows continuing loss of water from 
evaporation and deep drainage. 
Table 2 lists water use (total and daily rates) over approximately fortnightly 
intervals starting 35 days from planting. The data are not final and are only 
included to illustrate trends and relative total water use. 
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1. Note lesser total water use with barley than wheat and with Eragulla 
than Yandee lupins. The barley data must be considered atypical as 
damage ensued from using SSH0860 spray. Eragulla plant numbers were down 
on Yandee plant numbers (see combined report). 
2. Serradella continues to use water later in the season than the other 
species. 
3. Total water use was least with peas, followed by clover, serradella and 
wheat/lupin cv. Yandee. 
4. Sub clover and serradella sown at high rates to simulate sward 
conditions - high early water use followed. 
Figure 4 shows water depletion down the profile over the sampling intervals. 
These data highlight depths of maximum water extraction over these periods. 
1. Depths of maximum water extraction were shallowest with peas and were 
followed by sub clover (not shown) serradella, wheat and lupin cv. 
Yandee. 
2. Later sampling shows that the wheat extracts water to same depth as 
lupin. This contrasts with deeper rooting of lupins at the adjacent 
83WH28 site. 
At both the 83WH28 and 83WH29 sites there was little drainage beyond 4m in all 
crop and pasture plots investigated. There was drainage beyond 4 m from the 
"bare patch" treatment. 
Yields and other data are supplied in the joint report entitled "Water use of 
wheatbelt crop and pasture species". 
C. RESIDUAL EFFECTS OF RIPPING 
1. Light land responses - 82WH36 and 77WH17 
Water profile data were obtained for 82WH36 and 77WH17 in which there were 
deep ripping treatments imposed in 1982 and 1981 respectively. These have yet 
to be processed. 
Yield data for 77WH17 are supplied by R. Jarvis. 
Yield data for 82WH36 are as follows. 
Treatment 
1. Direct drill 
2. Conventional cultivation 
3. Arrow plan to 15 cm depth 
4. Agran plan to 25 cm depth 
5. Agran plan to 35 cm depth 
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Yield (kg/ha) 
1,112 
1, 138 
1,066 
1,465 
1,451 
The order of yields is identical to that of 1982. No exp~anation is available 
· for the low yield of treatment 3 • 
. Penetrometer, bulk density and air permeability data clearly indicated a 
continuing absence of a traffic pan on the 35 cm ripping than direct drill or 
conventional cultivation treatments of 82WH36. Measurements made on 77WH17 
·were not as clear cut. Wheelings after ripping influenced penetrometer data, 
particularly as there has been slight offsetting of the plots over the years. 
2. Heavy land responses - 81M52 
This experiment was initiated in 1981 to look at fallowing methods (chemical, 
conventional cultivation, deep ripping) and time of fallowing effects on 
yield. In 1982, when all treatments were first cropped, yields were highest 
with the chemical fallow than conventionally cultivated and deep ripped 
treatments. Seed bed conditions which were markedly influenced by moisture 
conditions at time of cultivation/ripping, had significant effects on yields. 
In 1983, the trial design was seen to provide an oppportunity for generating a 
range of time of deep ripping treatments through progressive annual deep 
ripping of the conventionally cultivated and chemical fallow treatments. As a 
first step, treatment 10 (Table 4) plots were deep ripped on the 23rd of June 
1983. All plots were sown conventionally on the 3rd of July. 
Because of dry conditions at Merredin, all treatments gave low yields (Table 
4) • 
1. The chemical fallow plots of 1981 continued to give highest yields. 
2. The latest ripping treatment (June 1983) was amongst the lowest yielding 
treatments. 
3. Low yield of treatment 9 appears to reflect an unfavourable soil water 
content x cultivation effect which gave low yields in 1982 as well. 
4. Yields were higher with decreasing levels of cultivation. 
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Table 1 Effect of Deep Ripping on total (mm) and daily (mm day -1) 
water loss* from soil profiles to 4 m depths under wheat cv. 
Gamenya and Lupins cv. Yandee. (Daily rates in parentheses) 
Measurement Wheat Lupin 
Interval not ripped Ripped not ripped Ripped 
15-57 days + 56. 95 47. 53 57.20 49.80 
(42 days) (1. 36) (1.13) (1. 36) (1.19) 
57-85 days 79.34 90. 77 64.88 73.37 
(28 days) (2. 83) (3.24) (2.32) (2.62) 
85-112 days 56. 72 74.06 74.99 73.01 
(27 days) (2.10) (2.74) ( 2. 78) (2. 70) 
112-140 days 61.64 76.58 85. 26 91.21 
(28 days) (2. 20) . (2. 74) (3.05) (3.26) 
Total 15-140 days 254.65 288. 94 282. 33 287. 3 9 
* Evaporation + Transpiration + Drainage + Days after planting. 
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e 
'T'able 2 Eff P.~~ of dP.P.p ripping on yield components and yields of wheat 
and lupins - 83WH28 
Wheat Lupin 
not ripped Ripped not ripped Ripped 
Plants/m2 125 132 45 42 
Heads/m2 311 280 
Grain/m2 9,299 8,623 1,248 1,315 
Grain/head 30 31 
Grain yield 2,980 2, 928 1,911 2,035 
(kg/ha) 
Dry matter 7,018 6,108 5,463 5, 723 
(kg/ha) 
Harvest Index 42.46 47.93 35. 00 35. 56 
1000 grain weight 31. 97 33.94 152.79 155.38 
(g) 
Harvest yield 2,697 2,613 1,747 1,633 
kg/ha 
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Table 3 Species differences in total '.Cmmf:i'{~~ .. ~aily (nun/day) water loss* 
from soil profiles to 4 m deptns. (Daily rates in parentheses) 
.. ~·: \ ··. .. _.,. · ... 
Measurement Wheat Barley Lupin Lupin Pea Sub clover Serradella 
interval Gamenya Stirling Yandee Eregalla Dundale ·· Northam Pitman 
35-50 days+ 
(15 days) 
50-63 days 
(13 days) 
63-77 days 
(14 days) 
77-91 days 
(14 days) 
91-106 days 
(15 days) 
106-119 days 
(13 days) 
119-134 days 
(15 days) 
134-147 days 
(13 days 
* 
+ 
10. 71 
(0. 71:) 
24.33 
(1. 87) 
32.28 
(2. 31) 
45. 22 
3,23 
41.32 
(2. 75) 
47.33 
( 3. 64) 
39.60 
(2. 64) 
8.98 
(0.60) 
5.31 
(0. 35) 
23.02 
(1. 77) 
33.03 
( 2. 36) 
40. 39 
(2. 89) 
36. 89 
(2. 46) 
40. 81 
(3.14) 
28.59 
(2. 92) 
5. 29 
(0.41) 
9.82 
(0. 65) 
16.16 
(1. 24) 
25.47 
(1. 82) 
36. 67 
(2. 62) 
55. 27 
(3. 68) 
51.99 
(4. 00) 
47.11 
(3. 41) 
6. 74 
(0. 52) 
.. ~: .. 
6.49 
(0. 43) 
17.20 
(1. 32) 
22.10 
(1. 58) 
33.89 
(2.42) 
40. 85 
(2.72) 
51. 60 'fo 
(3. 97) 
51.63 
( 3. 44) 
5.10 
(0.39'" 
Evaporation + Transpiration + Drainage 
Days after planting 
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8.17 
(0. 54) 
22.85 
(1. 76) 
28.41 
(2.03) 
34. 82 
( 2. 49) 
42.05 
(2.80) 
35. 65 
(2.74) 
14.17 
(0. 94 
4.31 
(0. 33) 
7.88 
(0. 53) 
18.99 
(1. 46) 
33.91 
( 2. 42) 
42.37 
(3.03) 
46.50 
(3.10) 
28. 79 
( 2. 21) 
21.27 
( 1. 42) 
3. 38 
(0. 26 
7. 33 
(0. 49 
19.99 
(1.54 
28.67 
(2.05) 
40. 39 
(2. 89) 
48.12 
( 3. 21) 
39.87 
(3.07) 
31.00 
(2. 0 7) 
17.11 
(1. 01 
Table 4 Residual effect of fallowing options and time of ripping on yield 
- 81M52 
Treatment 
Late Juen 1981 fallowing 
1. Agran plan 
2. Agran plan + scarify 
3. Chemical fallow 
4. Conventional cultivation 
Mid August 1981 fallowing 
5. Agran plan 
6. Agran plan + scarify 
7. Chemical fallow 
8. Conventional cultivation 
Summer 1981/82 fallowing 
9. Agran plan 
10. Conventional cultivation 1981/ 
Agran plan 1983 
Break of season 1982 
11. Agran plan 
12. Conventional cultivation 
All treatments sown 3rd July 1983. 
Date of operation 
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30.6.81 
30.6.81 
3.7.81 
30.6.81 
13.8.81 
13.8.81 
16.8.81 
13.8.81 
8.12.81 
6.12.81/ 
23.6.83 
15.6.82 
15.6.82 
Yield (kg ha-1 
1982 1983 
1,178 
1,128 
1,254 
1,103 
1,003 
1,043 
1,206 
1,032 
326 
388 
497 
600 
316 
281 
397 
331 
312 
316 
362 
369 
222 
250 
300 
300 
FIGURE 1 Deep ripping effects on soil strength and bulk density 82WH28. 
(a) Soil strength 
kg force 
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(b) Bulk density 
g/cc 
FlGT.JRE 2 Water depletion* at each depth of measurement - 82WH23 
(a) between days+ 112-128 
mm 
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(b) between days 128-148 
mm 
FIGURE 4 Water depletion* at each depth of measurement - 82WH29 
(a) Between days+ 106-119 
mm 
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(b) Between days 119-134 
mm 
-16-
Depth 
(cm) 
7 
14 
21 
28 
35 
42 
49 
FIGURE 1. 
(a) 
10 
Deep ripping effects on soi.l strength and bulk 
density 82WH28. 
Soil strength 
kg force 
20 
• 
• 
30 40 
• Ripped 
• Unripped 
(b) Bulk density 
g/cc 
50 Unripped 
1.31 
1.59 
+- 1.48 
1.47 
1.47 
Ripped 
1. 30 
1.43 
1.45 
1.48 
1.45 
30 
70 
110 
150 
190 
230 
270 
310 
FIGURE 2. Water depletion* at each depth of measurement - 82WH28 
* 
+ 
(a) Between days +112 - 128 
mm 
2 4 
Uptake + drainage 
Days after planting 
6 
).-)( 
·-· 
·--- -Jt 
'''"' 
8 
-+ W.NR 
W.R. 
Wheat - not ripped 
Wheat - ripped 
Lupin - not ripped 
Lupin - ripped 
(b) Between days 
128 - 148 
mm 
2 
., 
I 
I 
k 
t I 
I 
I 
' ' ~ .. ,~ 
\\ ·1 
. \ \ 
/.~ / ~· t/ /~1 " . 
+:Y 
I 
I. 
4 
-f W .NR 
..... W.Re 
__ ,.L.NR 
-- .L.R 
Soil 
water 
(nun) 
FIGURE 3. Water in profile to 300 cm soil depths 
500 
400 
300 - - _. ___ ll.ooli .. ~~=---... --..-.. .-- - - - - - - - - -- ~- - - - -
200 
~· bare patch ..... wheat - Gamenya 
....... lupin - Yandee 
100 []...-€] pea - Dun dale 
40 80 120 160 200 240 280 320 360 
Day in year. 
-~ 
FIGURE 4. Water depletion* at each depth of measurement - 82WH29 
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